A Gram-stain-positive, halotolerant bacterium, designated strain BH128
The genus Salirhabdus of the family Bacillaceae was first described by Albuquerque et al. [1] . Species of the genus Salirhabdus [1] and Salinibacillus [2, 3] , which was phylogenetically most closely related to the genus Salirhabdus, have been isolated from hypersaline environments such as salterns and salt lakes. At the time of writing, the genus Salirhabdus comprised one recognized species, Salirhabdus euzebyi [4] . The genus Salirhabdus comprises Gram-stainpositive, rod-shaped, strictly aerobic bacteria forming terminal spores within a swollen sporangium. Cells are oxidase-and catalase-positive. The cell-wall peptidoglycan is of the A1g type. The major polar lipids are diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and phosphatidylethanolamine (PE) and the major respiratory quinone is menaquinone 7 (MK-7). However, the genus Salirhabdus is distinguished from closely related species of the genus Salinibacillus by requirement for NaCl for growth. NaCl is not required for growth in the genus Salirhabdus but the addition of NaCl to the culture medium improves growth [1] . In the course of a study focused on the isolation of halophilic bacteria from a saltern at Bigeum Island, south-west Korea, a novel endospore-forming, halotolerant, Gram-stainpositive bacterium, designated strain BH128
T , was isolated and identified as a member of the genus Salinibacillus just before the genus Salirhabdus was described. In this study, strain BH128 T was characterized by genotypic, chemotaxonomic and phenotypic approaches according to the minimal standards for describing new taxa of aerobic, endosporeforming bacteria [5] .
Strain BH128
T was isolated from a saltern soil (GPS position: 34 45¢ 42.76 † N 125 58¢ 48.97 † E) from Bigeum Island. The strain was isolated by diluting a soil sample in sterile 8 % (w/v) NaCl solution and plating on marine agar (MA) medium (Difco) with the addition of 6 % (w/v) NaCl [final concentration, 7.95 % (w/v) NaCl], followed by aerobic incubation at 28 C for 7 days. The pH of the medium was adjusted to pH 7.0 with 1 M NaOH. The strain was subsequently purified three times by plating on MA with the addition of 6 % (w/v) NaCl at 28 C for 7 days and maintained on the same medium. Despite repeated attempts to isolate additional strains, only one isolate was obtained. The strain was stored at -80 C on this medium without agar and supplemented with 20 % (v/v) glycerol. To characterize the strain phenotypically, the isolate was routinely grown aerobically on MA and in laboratorymade marine broth (MB) media supplemented with 6 % (w/v) NaCl for 3 days at 35 C and pH 7.0, except where indicated otherwise.
The morphology of the isolate was observed by Gram staining and the flagellum type was examined by transmission electron microscopy using cells from the exponential growth phase. Cells were mounted on Formvar-coated copper grids, negatively stained with 1 % (w/v) potassium phosphotungstate (pH 7.0) and examined in a transmission electron microscope (CM20; Philips) operated at 80 kV, and motility was observed by phase-contrast microscopy (Eclipse 80i; Nikon) using cells from exponentially growing cultures and the hanging drop method. Gram staining was performed by the Burke method [6] . Catalase and oxidase activities, nitrate reduction, hydrolysis of aesculin, casein, DNA, gelatin, Tweens 20, 40, 60 and 80, hypoxanthine, L-tyrosine, starch, xanthine and urea, production of indole, and methyl red and Voges-Proskauer tests were performed as recommended by Smibert and Krieg [7] with substrate concentration of 0.01 % (w/v). To determine the utilization of different organic substrates as carbon and energy sources, a medium containing yeast extract at 0.01 % (w/v) was used [1] . Acid production from carbohydrates was determined as described by Leifson [8] ; all suspension media were supplemented with 8 % (w/v) NaCl. Additional biochemical characteristics were performed by using API 50CH (with API 50CHB medium) and API 20NE (bioM erieux) galleries at 35 C as recommended by the manufacturer. All compounds were sterilized by filtration and were added to the media. Cell suspension was performed in 8 % (w/v) NaCl solution. Enzyme activities were tested using the API ZYM kit system according to the instructions of the manufacturer (bioM erieux). To determine the optimal temperature and pH for growth of the strain, broth cultures in MB medium were incubated at 4, 10, 15, 20, 28, 35, 37, 40, 42, 45, 50, 53 and 55 C, and at pH 5-11 (at intervals of 0.5 pH units). The pH values of <6, 6-9 and >9 were obtained by using sodium acetate/acetic acid, Tris/ HCl and glycine/sodium hydroxide buffers, respectively. Growth at different salt concentrations (0, 1, 2, 3, 4, 5, 7, 9, 10, 12, 13, 14, 16, 18, 20, 25 and 30 %, w/v) was tested in MB at pH 7.0. Growth was monitored by turbidity at OD 600 by using a spectroscopic method (model UV-1650PC; Shimadzu). Anaerobic growth was determined by incubation in the BBL GasPak Anaerobic System (Difco) for 5 days at 35 C on MA supplemented with 6 % (w/v) NaCl.
T showed a range of phenotypic properties typical of the genus Salirhabdus [1] . Cells were Gram-stainpositive, rod-shaped, motile with peritrichous flagella and strictly aerobic (Fig. S1 , available in the online Supplementary Material). Ellipsoidal endospores were formed at terminal position in swollen sporangia (Fig. S2 ). Colonies were cream in colour, circular, opaque and raised with slightly irregular margins when grown for 3 days at 35 C on MA supplemented with 6 % (w/v) NaCl. Cells were rods with a width of 0.3-0.4 µm and a length of 1.5-2.0 µm (Fig. S1 ). Strain BH128
T was able to grow at 15-53 C, at pH 5.5-9.0 and with 0-16 % (w/v) NaCl. Optimal growth was observed at 35 C, at pH 7.0 and with 8 % (w/v) NaCl. Good growth was observed both in the absence of NaCl and in the presence of up to 16 % (w/v) NaCl. Cells were catalase-positive and oxidase-positive. Other phenotypic features are included in the species description and the characteristics that differentiate strain BH128
T from the type strain of Salirhabdus euzebyi and the type stains of the closest genus Salinibacillus are summarized in Table 1 .
Genomic DNA from strain BH128
T was prepared by using the method described by Tomaoka and Komagata [9] . The 16S rRNA gene was amplified by PCR with the forward primer 27F and the reverse primer 1492R [10] . Direct sequence determination of the PCR-amplified DNA was carried out using an automated DNA sequencer (ABI 3730XL; Applied Biosystems). Full sequences of the 16S rRNA genes were compiled using SeqMan software (DNAS-TAR). The 16S rRNA gene sequences were aligned with the published sequences of closely related bacteria with CLUSTAL W 2.0 software [11] . Gaps at the 5¢ and 3¢ ends of the alignment were omitted in further analyses. Phylogenetic trees were reconstructed by using three different methods: the neighbour-joining [12] , maximum-likelihood [13] and maximum-parsimony [14] algorithms within the MEGA6 program [15] . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's two-parameter model [16] . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed [17] . The 16S rRNA gene sequences used for phylogenetic comparisons were obtained from the GenBank database and their strain designations and GenBank accession numbers are shown in Fig. 1 .
Isolation of DNA [18] and determination of the DNA G+C content were performed by HPLC (SPD-10AV; Shimadzu), as described by Mesbah et al. [19] .
The almost-complete 16S rRNA gene sequence (1441 bp) of strain BH128
T was obtained and used for initial BLAST searches of the GenBank database and for phylogenetic analysis. The 16S rRNA gene sequences of related taxa were obtained from GenBank and EzBioCloud server and the identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved by using the EzBioCloud server [20] . On the basis of 16S rRNA gene sequence analysis, strain BH128
T was shown to belong to the genus Salirhabdus, showing highest similarity to Salirhabdus euzebyi CVS-14 T (95.8 %). The 16S rRNA gene sequence similarity with members of species of the closest genus Salinibacillus was in the range from 95.6 to 95.0 %, whereas similarity to other closely related genera was from 95.2 to 92.0 %. Neighbour-joining (Fig. 1 ) maximum-likelihood and maximum-parsimony methods (Figs S3 and S4) all resulted in highly similar tree topologies, with strain BH128
T forming a distinct phyletic line within the genus Salirhabdus.
DNA-DNA hybridization between strain BH128
T and the nearest phylogenetic neighbour was not attempted, as strains differing by >3 % 16S rRNA gene sequence similarity are unlikely to exhibit >70 % relatedness at the wholegenome level [21] [22] [23] , the threshold value recommended for the assignment of genomic species [24] . The DNA G+C content of strain BH128 T was 36.5 mol%.
For analysis of fatty acids, strain BH128 T was cultured on MA supplemented with 6 % (w/v) NaCl at 35 C for 3 days and the closely related type strain Salirhabdus euzebyi LMG 22839 T was cultured under the same conditions. Cellular fatty acids were extracted and analysed by GC (6890 N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System (version 4.5; MIDI database TSBA40 4.10). For the analysis of quinones and polar lipids, cells were harvested in the late-exponential phase and freeze-dried. Isoprenoid quinones were extracted ). All strains are Gram-stain-positive, endospore-forming, motile rods. All strains share the following characteristics: positive for activity of catalase; positive for Tween 40 hydrolysis; negative for indole production; positive for assimilation of D-glucose, D-fructose, D-mannose, sucrose and raffinose; and positive for acid production from from D-fructose. +, Positive; À, negative. and analysed by HPLC (SPD-10AV; Shimadzu), as described by Collins and Jones [25] . For polar lipid analysis, the cellular lipids were extracted, washed and hydrolysed with 0.5 M NaOH as described by Yabuuchi et al. [26, 27] . The total lipids were separated on silica gel plates by two-dimensional TLC with a solvent system composed of chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 15 : 12 : 4, by vol.) in the second direction. To detect spots and their colour reaction, 5 % ethanolic molybdophosphoric acid, Dittmer's reagent, ninhydrin solution, Dragendorff reagent and a-naphthol reagent were used for total lipids, phospholipids, aminolipids, choline lipids and glycolipids, respectively. Analysis of the cell-wall peptidoglycan was carried out by the Identification Service of the DSMZ.
Major fatty acids in strain BH128 T were anteiso-C 15 : 0 (33.1 %), iso-C 15 : 0 (17.3 %), iso-C 17 : 0 (14.8 %) and anteiso-C 17 : 0 (11.1 %). Moderate amounts of iso-C 16 : 0 (6.7 %), iso-C 14 : 0 (5.4 %), C 16 : 1 !7c alcohol (3.7 %) and C 16 : 0 (2.0 %) were also present. These are common characteristic features of members of the genus Salirhabdus [1] . The presence of anteiso-C 15 : 0 at relatively high percentage distinguished strain BH128
T from the closely related Salirhabdus euzebyi LMG 22839 T (Table S1 ). The major isoprenoid quinone of strain BH128
T was MK-7, as in Salirhabdus euzebyi. Polar lipids detected in strain BH128
T comprised DPG, PG, PE and four unknown phospholipids (PLs) (Fig. S5) , and the presence of PE is a characteristic feature of the genus Salirhabdus [1] and distinguished strain BH128
T from the most closely related type species of the genus Salinibacillus [2, 3] . The cell wall of strain BH128
T contained peptidoglycan with meso-diaminopimelic acid as the diagnostic diamino acid, representing cell-wall peptidoglycan type A1g, which is common in the majority of endospore-forming Gramstain-positive rods, including the genus Salirhabdus [1] .
Strain BH128 T occupied a distinct position within the genus Salirhabdus separated from the most closest genus Salinibacillus on the basis of 16S rRNA gene sequence analysis and shared similar chemotaxonomic characteristics with the genus Salirhabdus sensu stricto in terms of DNA G+C content, polar lipids, predominant isoprenoid quinone, cell-wall peptidoglycan type and major fatty acids. However, strain BH128 T could be distinguished from the closely related species by some chemotaxonomic and phenotypic features, such as relatively short cells, relatively high percentage of anteiso-C 15 : 0 , hydrolysis of DNA, gelatin, starch and Tween 80, assimilation of D-mannitol and maltose, and acid production from D-xylose and sucrose (Tables 1 and S1 ).
Therefore, on the basis of the results of our phylogenetic, phenotypic and chemotaxonomic study, we propose that strain BH128
T represents a novel species of the genus Salirhabdus, for which the name Salirhabdus salicampi sp. nov. is proposed. Enzyme activity is observed for acid phosphatase, afucosidase, a-mannosidase, esterase lipase (C8), b-galactosidase, b-glucosidase and naphthol-AS-BI-phosphohydrolase, but not for alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, trypsin, a-chymotrypsin, lipase (C14), crystine arylamidase, a-galactosidase, b-glucuronidase, a-glucosidase and N-acetyl-b-glucosamininase (API ZYM). The major fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 17 : 0 and anteiso-C 17 : 0 . The predominant isoprenoid quinone is MK-7. The peptidoglycan type is A1g, with meso-diaminopimelic acid as the diagnostic diamino acid. Polar lipids are DPG, PG, PE and four unknown PLs.
DESCRIPTION OF SALIRHABDUS SALICAMPI
The type strain is BH128 T (=KACC 18690 T =NBRC 111874 T ), and was isolated from a saltern soil located at Bigeum Island in south-west Korea. The DNA G+C content of the type strain is 36.5 mol%.
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